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An Economic And Epidemiologic Simulation 
of Paratuberculosis (Johne's) Disease In Dairy Herds 
Part II 
Model Results 
This report presents results from a paratubercu-
losis (Johne's) disease simulation model developed 
by Kevin Walker and expanded by James French in 
their dissertation work at the University of Mis-
souri. A previous report, Part I, provides a detailed 
description of the model and its subroutines 
(Walker et al.). Little emphasis is placed on the 
model in this report. Rather, alternative Johne's 
control strategies are compared to determine eco-
nomic costs and benefits. The main intent of this 
report is to provide information on simulation re-
sults. 
Few dairy production simulations have focused 
on disease. Models have been developed to evalu-
ate culling policies (Gartner, Hutton, Kuipers, 
Randall, McArthur, Jenkins and Halter), ration for-
mulation, feed and nutrient intake (Kuipers, Hlu-
bik, Congelton, Bywater and Dent, Bywater), ge-
netics and reproduction (Hlubik, Kuipers, Congel-
ton) and production levels (Hlubik, Congelton, 
Kuipers). Two have addressed mastitis (Morris, 
Congelton). 
Paratuberculosis, or Johne's disease, is a trouble-
some infection that has received increased atten-
tion in the dairy industry in recent years. This 
chronic, debilitating infection can occur in both do-
mestic and wild ruminants. The latency period can 
be quite long, thus exposing many other animals to 
the disease. Once infected, an animal may live for as 
little as six months or as long as 15 years or more. To 
further complicate the situation, carriers may ap-
pear healthy and not show any clinically detectable 
signs until shortly before death. 
Studies on the spread and development or epi-
demiology of the disease have focused primarily on 
dairy animals. PrC~Eise information on the preva-
lence rate among dairy cows has not been clearly es-
tablished but rates ranging from 18 percent in the 
New England area (Chiodini and Van Kruiningen) 
to 10.8 percent in Wisconsin (Arnoldi and Hurley) 
and 8.7 percent in Northern California (Abbas et al.) 
have been reported. Richards et al. concluded that 
prevalence tends to be greatest in the Great Lakes, 
West Coast and Gulf Coast states, but that Johne'sis 
likely to be present wherever there are ruminant 
animals. 
Attention to Johne's and implementation of 
control measures have been lacking for several rea-
sons. The disease is believed to be innocuous in man 
and thus does not pose the human health problems 
of diseases such as brucellosis. Additionally, the 
disease can linger in a subclinical form leading to a 
slow and undetected degradation of the animal. 
Signs of infection are not visible and the producer 
may be unaware of its presence and the effects on 
performance. Disease progression leads to a grad-
ual decline in .milk production, reduced feed effi-
ciency, increase in mastitis problems and an in-
crease in breeding problems leading to longer calv-
ing intervals. The productive life of infected ani-
mals is reduced. Infected cows may eventually be 
culled for reasons considered to be non-Johne's re-
lated such as low production or infertility. 
Studies aimed specifically at estimating the eco-
nomic loss from paratuberculosis at either the 
micro or macro level are limited. Information on 
disease loss which would prompt changes in dairy 
management practices or national policy decisions 
are not available. However, this apparent lack of 
public awareness and disease-loss information 
does not lessen the reality that thediseaseexistsand 
adversely affects production and performance lev-
els of infected herds. 
Disease Control Strategies 
A state which has directed attention toward 
Johne's is Wisconsin. The state started a program 
aimed at minimizing both intra and interherd 
Johne' s transmission. It is also considering policies 
that would allow vaccination to be administered 
provided other control practices such as disease 
testing are followed. To do so requires analysis of 
alternative control strategies. 
Three basic control strategies are evaluated and 
compared to a base solution. The base is that of not 
using a specific disease control strategy and cull 
based only on level of milk production. Control 
strategies evaluated are (l) vaccination of newborn 
calves, (2) fecal culture testing with immediate 
culling of positive animals, and (3) raising calves 
separate from the milking herd. Combinations of 
these control strategies are also evaluated. 
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Research has shown use of vaccination to be 
about 85 to 90 percent effective (Wilesmith). The 
vaccine does not provide absolute protection 
against infection nor does it prevent spread of infec-
tion. A major drawback is its limited application. 
To be effective it needs to be administered to calves 
before they reach 35 days of age (Wilesmith). 
Additionally, the vaccine used in many states is a 
killed whole-cell vaccine and has a limited shelf life. 
The vaccine can also lead to potential human health 
dangers from inadvertent inoculation. This will 
cause permanent tissue damage. Also, the animal 
can develop a delayed hypersensitivity to other 
serologic and allergic tests, including the tuberculin 
test. As a result, individual cow records must be 
maintained and prior approval from state and fed-
eral personnel is needed before releasing the vac-
cine to the veterinarian for administering. The 
vaccine is given subcutaneously and a vaccination 
nodule up to the size of a grapefruit can develop at 
the injection site. The nodule can develop draining 
tracts which alter the appearance and possibly 
reduce the market value of the animal. 
Several types of tests to determine the presence 
of Johne's disease are available and can be used 
(Riemann and Abbas). Of those available, fecal 
culture tests are felt to be the most reliable. To 
perform fecal testin& fecal samples are cultured. 
However, this test does not provide immediate 
feedback because it takes from 12 to 16 weeks to 
culture the organism. With fecal culturing, cows 
diagnosed as positive are in fact infected because 
there are not any false positives. However, a nega-
tive result implies either that the animal is free of the 
disease or, if infected, none of the organisms were 
detected in the particular sample. Thus, a false 
negative result is possible. An advantage of fecal 
culturing is that alternative tests render both false 
negative and false positive resu Its. The fecal culture 
test has only false negative results. 
Other herd management strategies, such as 
separating the calf from dam at birth, feeding pas-
teurized colostrum and not allowing the calf to 
nurse, and raising heifer calves in facilities separate 
from the milking herd have been discussed by 
numerous authors (Larsen, Moyle, Riemann and 
Abbas). 
Results from these studies, though limited in 
scope, suggest reduced disease incidence through 
these types of management practices. Disease con-
trol success also depends on several other factors 
such as the prevalence rate in the area where the 
herd is located, the practice of buying outside re-
placement stock that may be disease carriers, 
farmer knowledge and perceived seriousness of the 
disease, and other management practices which af-
fect herd performance and culling. 
Production Impacts 
Johne's reduces production levels of infected 
cows. Without taking corrective action, reduced 
herd performance can persist indefinitely. Costs of 
control strategies such as administering a vaccine or 
conducting fecal culture tests can be readily com-
puted. But because the disease is largely subclini-
cal, the majority of disease-related costs and reve-
nues are not as easily calculated. These include lost 
revenue from decreased milk production, costs 
from reduced feed efficiency and increased calving 
intervals. 
Moreover, there are other associated costs be-
cause infected cows may be more susceptible to 
other infections such as mastitis. If the disease is left 
unchecked, herd costs climb as other cows become 
infected, herd life declines and cows may be culled 
even before reaching their peak lactation. Because 
the disease is communicable and can be passed on 
to herd mates, evaluation of costs should take place 
over an extended time period. 
Previous studies have estimated the impacts of 
Johne's disease on dairy cow performance. Abbas 
et al., and Buergelt and Duncan report that milk 
production levels were 8 to 15 percent lower for 
Johne's-infected cows than for noninfected cows. 
Abbas et al., found that the calving interval for 
infected cows was 15.2 months compared to 13.5 
months for non-infected cows. 
Those most knowledgeable with Johne's dis-
ease also think there is reduced feed efficiency for 
infected animals because the animals consume 
more feed to compensate for their reduced nutrient 
absorption ability. Estimates of reduced feed effi-
ciency range between 5 and 25 percent over non-
infected cows. 
Study Objectives 
The primary objective of this report is to evaluate 
the economic costs and benefits of alternative 
Johne's disease control strategies. This evaluation 
will focus on the individual herd level. Little em-
phasis will be given to regional, national or interna-
tional concerns. 
The study will be directed toward the following 
subobjecti ves: 
• Estimate the effect of selected management 
strategies on prevalence of Johne's disease within 
the herd over time; 
• Estimate the economic costs and revenues 
over time from following selected Johne's control 
strategies; and 
• Determine economically preferred Johne's 
disease control strategies. 
Results are analyzed for different initial prevalence 
rates and control strategies. For selected variables a 
sensitivity analysis was conducted to determine 
their importance in cost and benefit calculations. 
Disease Control Strategies 
To facilitate analysis of the results, disease con-
trol strategies are divided into four categories. 
These are: (I) cull cows from the herd if milk 
production falls below a specified level, (II) adopt 
specific husbandry practices for Johne's control 
such as vaccination, (III} conduct semiannual fecal 
cui ture tests and cull all animals which test positive, 
and (IV) use the husbandry practice combination of 
vaccination along with a semiannual fecal culture 
test program. 
Category I is used to analyze how effective a 
stringent culling strategy based on the level of milk 
production is on the removal of infected animals. 
Johne's is known to reduce milk production level. 
Thus, culling based on milk production may be an 
effective means of removing infected animals from 
the herd. As these animals are culled, herd preva-
lence rate declines. Within category I, no other 
method of Johne's control is used. 
Category II consists of different husbandry prac-
tices which would directly reduce the probability 
that a cow within the herd becomes infected. Three 
husbandry practices are considered: (I) vaccination 
of new born calves, (2) immediate removal of calves 
from dams at birth with replacements raised sepa-
rately from the milking herd, and (3) the combina-
tion of (I) and (2), i.e., vaccination and separate 
raising of calves. Johne's disease epidemiology 
would indicate that the above measures will reduce 
the likelihood of a particular calf contracting the 
disease. However, data on levels of effectiveness 
for the various husbandry practices are quite lim-
ited. Thus, selected levels of effectiveness are simu-
lated. 
Category III consists of following a semiannual 
fecal culture testing program as the major method 
of disease control. Cows are tested every six 
months and all cows that test positive are removed. 
By culling diseased cows identifiable sources of 
infection are removed, reducing further contamina-
tion of the surrounding environment. 
Category IV is a combination of practices used in 
categories II and III. For example, one combination 
is vaccination along with culture testing. 
Model Setup and Verification 
Each disease control strategy was simulated over 
30 years. During the first five years the model was 
allowed to stabilize before disease was introduced 
during the sixth year. Thus,Johne's was simulated 
over a 25-year period. Initial Johne's prevalence 
rates of 6, 12, and 20 percent were used. A fourth 
prevalence rate, 28 percent, was included for se-
lected runs. 
Table I presents the management control strate-
gies and respective initial herd prevalence rates 
utilized. Set (I) comprises the base runs where 
Johne's is not present within the herd. Runs listed 
as numbers (2) and (3) constitute Category I where 
a total of seven runs are made with four different 
prevalence rates. Sets (4) through (6) make up 
Category II. Sets (7) through (9) comprise Category 
IV while sets (10) and (11) represent Category III. 
Model verification involved comparing results 
from the base runs with available data sources. For 
revenues and costs, this involved comparing out-
put results with Wisconsin budget data in Luening 
et al. Fixed and variable costs were adjusted to 
reflect Wisconsin estimates for milk production 
levels ranging between 12,000 and 18,000 pounds 
annually. Additional verification was conducted 
through discussions with veterinarians and animal 
scientists familiar with Johne' sand with dairy farm 
operations in general. From these conversations, 
further refinements of model variables were made 
and results again compared with available data and 
theory. Additionally, sensitivity analysis was used 
to evaluate those variables with the highest degree 
of uncertainty about their value. 
Results 
Initial herd prevalence rate and level of effective-
ness of the disease control practice (husbandry 
practice) varied for each management practice 
evaluated. Level of effectiveness was set at three 
levels: 90, 50, and 10 percent. This represents the 
percent reduction in likelihood of contracting dis-
ease. For example, the 90 percent level means that 
the management practice reduces by 90 percent the 
likelihood that the animal will become infected 
with Johne' s. The strategy is highly effective in con-
trolling or preventing the d~'sease. At the other 
extreme is the 10 percent effe tiveness level. These 
effectiveness levels werearbi arily selected. Initial 
prevalence rates were also va ed at three levels: 6, 
12, and 20 percent. A 20 per ent prevalence rate 
means that 20 percent of the herd is infected when 
disease control begins._Results are presented in 
Tables 2,3, and 4 by initial Johne's prevalence rates. 
Results for the 6 percent prevalence rates are in 
Table 2, the 12 percent prevalence rate in Table 3, 
and the 20 percent prevalence rate in Table 4. 
Comparison by Prevalence Rate 
Prevalence Rate of 6 Percent: 
At the 6 percent initial prevalence rate (Table 2), 
the strategy that results in the highest return over 
time is to maintain the milk production threshold 
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cull level at 8,800 pounds and not implement any 
specific control strategy. However, the disease is 
not eliminated from the herd with this practice. The 
next three practices with the highest returns are the 
vaccinate and/ or calf removal strategies (Category 
II) which are at least 50 percent effective. Returns 
are lower but the disease is eliminated from the 
herd in four years. The remaining five of the top ten 
practices involve conducting a culture test in con-
cert with another management practice such as 
vaccination. With the 6 percent prevalence rate, use 
of the higher milk production threshold level (11,000 
pounds), with or without culture testing, provided 
the lowest returns. 
The higher milk production threshold level and 
testing practice of Category III is the most effective 
for minimizing number of animals infected. The 
next preferred alternative involved culture testing 
combined with other husbandry practices (Cate-
gory II). 
In summary, at the 6 percent prevalence rate, 
following husbandry practices that quickly re-
duced the number of infected cows within the herd, 
did not lead to the highest estimated return over 
time. 
It did, however, reduce the risk of spreading the 
disease further. Semiannual fecal culture testing 
was quite effective at eliminating the disease from 
the herd. Vaccination with an assumed effectivness 
level of 50 percent or greater was effective. A vac-
cination effectiveness of only 10 percent would 
never eliminate the disease from the herd. 
Prevalence Rate of 12 Percent: 
Results for an initial prevalence rate of 12 percent 
are presented in Table 3. Of the highest returns, 
four of the top five strategies are vaccinate and/ or 
calf removal (Category II). Maintaining an 8,800-
pound milk production threshold cull level without 
use of other control strategies dropped from the 
highest return category for the 6 percent prevalence 
to number seventeen with the 12 percent prevalence 
level. 
Of the top ten practices, six involve Category II 
strategies which are at least 50 percent effective. 
The remaining four involved culture testing, usu-
ally in concert with another husbandry practice. 
The Category IV approach of combining testing 
along with other husbandry practices was the most 
effective way to control and eliminate the disease. 
This approach ranked first, second and third in 
minimizing the number of cows infected. 
Next, the test-only approach, using the two dif-
ferent milk culling requirements was the most pre-
ferred. This was followed by the Category II prac-
tices. All fecal culture testing programs were able to 
eliminate the disease from the herd. 
The vaccination approach eliminated Johne's 
from the herd if the practice was at least 50 percent 
effective. The 8,800-pound production require-
ment alone resulted in the highest number of cows 
being infected. Vaccinate and/ or raise calves sepa-
rately was quite ineffective in controlling the dis-
ease when the assumed practice effectiveness level 
was low. 
Prevalence Rate of 20 Percent: 
Results for the initial prevalence rate of 20 per-
cent are described in Table 4. The top three strate-
gies providing the highest returns again were the 
Category II practices which were 90 percent effec-
tive in reducing the probability of contracting the 
disease. 
The fourth and fifth highest outcomes involved 
a vaccination and test strategy. To control and 
eliminate the disease a husbandry practice which 
included testing provided the best results. 
Comparing All Three Prevalence Rates 
In general, Category II husbandry practices that 
reduced the likelihood of contracting the disease by 
at least 50 percent provided the highest returns for 
the prevalence rates studied. However, they were 
not the most effective method to control or elimi-
nate the disease. In this respect, practices contained 
in Categories III and IV which incorporated a fecal 
culture testing program were the most effective. 
However, these practices provided a lower level of 
economic return over time. 
Comparison By Management Strategy: 
Vaccination and/or Calf Removal 
(Category II) 
Of the two practices in Category II, if initial 
prevalence was 6 percent or less and if each practice 
reduced the probability of a cow contracting the 
disease by at least 50 percent, vaccination of calves 
as the sole disease control input resulted in the 
highest returns. The next best approach was re-
moval of calves from dams and separate rearing. 
The combination of vaccination with separate rear-
ing was least preferred. 
For each Category II management practice when 
the initial prevalence rate was 6 percent, an effec-
tiveness level of 50 percent was just as efficient and 
resulted in the same return as the higher effective-
ness level of 90 percent. The implication of this 
result is that efforts to produce a more effective 
vaccine may not lead to higher producer returns 
when disease prevalence rates are low. Under these 
conditions, costs of research and development may 
not be justified. If disease prevalence is believed to 
be widespread, a management practice with a 
higher level of effectiveness can be ec~non:ic~~Iy 
justified. For instance, results show that tf the mtbal 
prevalence rate was 20 percent and the manage-
ment practice was highly effective, returns were 
greater than if initial prevalence was 6 percent and 
the practice was moderately effective. Thus, infor-
mation on present and future disease prevalence 
rates are needed to determine which diseases are 
high priority for preventionand/or elimination 
campaigns. 
The third and fourth return ranking shows the 
trade-off for different prevalence rates when vacci-
nating only and when combining vaccination with 
removal of calves from darns. If both practices are 
90 percent effective, vaccinating only results in 
higher expected returns even at 12 percent preva-
lence than does the latter practice at a 6 percent 
prevalence rate. 
In general, results show vaccination was the 
preferred approach among the three husbandry 
practices considered in Category II management 
strategies. This was not surprising as it was also the 
least costly of the practices tried. Further, in com-
paring vaccination with either of the other two prac-
tices, (if the effectiveness level was the same) the 
physical performance of the herd was the same and 
the vaccinate-only practice resulted in the better 
return because of its lower cost. 
If the vaccinate husbandry practice decreases the 
likelihood of getting Johne's by 90 percent, disease 
was eliminated from the herd within 4 to 7 years 
after being introduced. If its effectiveness was 50 
percent, from 4 to 24 years were required, and if its 
effectiveness was only 10 percent, the disease was 
not eliminated. In the latter case, an average of 
between five to 12 cows were infected yearly. Com-
paring the best and worst case outcomes by the 
numberofmaturecowsshowsabout65 fewer cows, 
or an average of 2.5 fewer cows per year in the herd. 
Returns were the greatest when level of effective-
ness was the highest. The top three returns were in 
the 90 percent effectiveness level. 
Comparing the vaccinate husbandry method 
with a 6 percent prevalence with the base run re-
vealed that discounted revenue for the vaccinate 
practice was actually $5,000 higher than for the base 
run. Milk production revenue, along with the milk 
production level, was higher. On the revenue side, 
the disease caused slightly more cows to move 
through the herd over time. While the disease was 
present in the herd the rate of gain in average herd 
milk production was quite small. Yearly milk pro-
duction averages climbed rapidly after the disease 
had been eliminated. However, discounted returns 
were less than with the base run due to cost factors 
associated with the disease control husbandry prac-
tice. 
Culture Testing /Milk Threshold Levels 
<Category Ill) 
Milk production threshold levels of 8,800 
pounds and 11,000 pounds, along with the semian-
nual culture test, were evaluated. 
Results of these runs are contained as Category 
III in Tables 2 through 4. If the initial prevalence 
rate was at or below 20 percent, the 8,800-pound 
milk production threshold level along with the 
semiannual culture test program resulted in the 
highest return. The difference in returns between 
the best and worst case scenario was about $2,800 
per year. Both threshold levels with culture testing 
eliminated the disease from the herd. For the higher 
threshold level the average number of years before 
elimination was II years as compared to 15 years for 
the lower milk production level. The fastest elimi-
nation process was six years for the 6 percent preva-
lence rate. On average, there were 91 more mature 
cows within the herd when the lower milk thresh-
old level was followed. Over the time frame consid-
ered, this amounts to about 3.7 more cows per year. 
In essence the more stringent threshold level, while 
more effective in eliminating the disease, also re-
moved more mature cows that would have other-
wise remained. 
Culture Test Along with Vaccination 
and/or Calf Removal 
(Category IV) 
Inspection of the Category IV results presented 
in Tables 2 through 4 shows returns were greatest 
when initial prevalence rate was low and lowest 
when the prevalence rate was high. The practice of 
vaccinating along with culture testing resulted in 
the highest return at a 6 percent prevalence rate. 
In general, the combination of vaccination and 
testing appeared to be the preferred approach 
among the three husbandry practices considered in 
Category IV. This method was the least costly of the 
practices considered. Additionally, in comparing 
vaccination with either of the other two practices, 
with the same effectiveness level, the physical per-
formance of the herd will be the same and the vac-
cinate and culture test practice would result in the 
better return because of its lower cost. 
As illustrated in the results, pursuing both a 
culture testing program and a vaccinate program 
eliminated the disease from the herd for all initial 
prevalence rates and effectiveness levels studied. If 
the initial prevalence rate was at or below 12 per-
cent, elimination took between three and eight 
years. On average, less than one cow was infected 
per year. Even under the worst initial prevalence 
rate- 20 percent- the disease was eliminated within 
13 years. 
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Comparing Management Strategies 
In comparing the different husbandry practices 
of Categories II-IV, management practices that in-
volved fecal culture testing were always able to 
eliminate the disease from the herd for the preva-
lence rates used. The length of time until elimina-
tion was reduced further when an additional hus-
bandry practice such as vaccination was adopted 
with culture testing. 
When a culture testing program was not ad-
ministered but other husbandry practices such as 
those outlined in Category II were followed, dis-
ease was eventually eliminated provided the prac-
tice reduced the likelihood of contracting the dis-
ease by at least 50 percent. If the only management 
practice was to adopt a higher milk production 
threshold for culling, disease was not eliminated. 
Differences in returns were highest in the first 
category, where the difference between the first 
and second highest outcome was about $1,760 per 
year and the difference between the best and worst 
ou teo me was $4,160 per year. For the most part, the 
range in returns for the other categories were much 
tighter. For Category IV strategies, returns are gen-
erally lower but the difference between the best and 
worst outcomes is small, about $520 per year. In 
essence, following this approach results in a trade-
off between returns and risk of spreading the dis-
ease. Disease is quickly controlled and risk of its 
further spread is lowered. A less costly practice 
such as those in Category II can provide higher 
returns, but at a higher level of risk of disease 
spread. 
Sensitivity Analysis 
To better gauge the response of simulation out-
comes to changes in selected variables, sensitivity 
analysis was conducted on five variables. Further, 
to analyze the changes across the different hus-
bandry practices, one management strategy from 
each of the four categories was used. All four of the 
husbandry practices assumed an initial minimum 
milk production threshold level of 8,800 pounds 
and beginning prevalence rate of 12 percent. Also, 
for the husbandry practices of Categories II and IV, 
the percent reduction in the probability of contract-
ing the disease was set at 50 percent. Results are 
reported in Tables 5 through ll. 
The first variable to be adjusted was the array 
AGCLAS composed of five different coefficients. 
AGCLAS was used to compute the percentage of 
cows for ages birth to two, three, four, five, six years 
and beyond that become infected. These values 
were originally set at 0.033, 0.058, 0.028, 0.034, and 
0.012, respectively, and were used in the computa-
tion of the disease transition matrices. Values were 
extracted from empirical work reported by Abbas et 
al. In the sensitivity analysis, coefficient values 
were adjusted to 0.06, 0.05, 0.03, 0.02 and 0.015 to 
more completely capture the belief espoused in the 
literature that the likelihood of infection is highest 
for younger cows and steadily declines with age. 
Analysis of the results shows that the test-only 
strategy of Category III still leads to the highest 
returns (Table 5). Also note that while returns 
increase for the preferred control method, the 
spread in returns between alternatives also in-
creases. Returns from the vaccination-only strategy 
dropped by more than $800 per year and the num-
ber of infected animals more than doubled. In 
essence, practices involving a testing program not 
only hold down the number of infected animals but 
also lead to higher returns for the scenario tested. 
The next variable to be altered was DRA TE, a 
two-dimensional array where the first dimension 
denotes the age groups outlined above. DRATE 
(I,J) represents the portion of Ith-year-old cows that 
within the Jth year of infection manifest clinical 
signs of the disease and are culled. The initial values 
used within the model for DRA TE were based on 
discussions with animal scientists and veterinari-
ans familiar with Johne's. For the Ith age group 
these values were set at 0.10, 0.30, 0.50, and 0.60 for 
the first, second, third and fourth year of infection, 
respectively. In arriving at coefficient values, any 
bias was judged to be on the downward side, i.e., 
infected cows may actually manifest clinical signs 
sooner than what the model allows. Changes made 
in the coefficient values for DRA TE were adjusted 
upward to 0.20, 0.40, 0.60 and 0.80 so that infected 
cows manifested clinical signs sooner than under 
the original values. Comparison of results shows 
that increasing values for ORATE alters the ranking 
of preferred practices based on highest returns to 
where the vaccination only practice produces the 
highest returns (Table 6). Note that because more 
cows become clinical and are culled, returns from 
conducting a testing program are reduced. Testing 
practices still remain an effective control measure in 
eliminating the disease. 
Coefficient values of the variable CONJOH were 
adjusted upward as well as downward. CONJOH 
represents the increase in feed requirements for an 
infected cow as a result of Johne's. The original 
value was specified at IS percent above normal feed 
requirements. The two different estimates tried 
were 5 (Table 7) and 25 (Table 8) percent increases 
above normal feed requirements. Comparison of 
the results shows that the relative ranking does not 
change for either value. Further, differences in the 
levels of returns are small. This is because addi-
tional feed requirements, as a percentage of total 
feed requirements for the herd, are minimal. 
The value of the variable RJOHPD was also 
adjusted upward as well as downward from its 
initial value. RJOHPD represented the percentage 
decrease in milk production for an infected cow as 
a result of Johne's. The original value was set at 15 
percent below expected milk production and was 
based on work done by Buergel t and Duncan. Two 
additional estimates of 5 percent (Table 9) and 25 
percent (Table 10) below expected milk production 
were tried. Changes from altering the values of 
RJOHNE appear opposite as to what would be 
expected, i.e., a 25 percent decrease in milk produc-
tion as a result of disease would result in a larger 
drop in return than a 5 percent decrease in milk 
production. Analysis of the results suggests that if 
the disease causes a large decrease in milk produc-
tion the infected cow soon becomes eligible for cull 
and is removed. Infected cows are taken out of the 
herd. In this case, the additional practice of testing 
for infected cows is not as effective with respect to 
higher returns. Notice also that when there is a 25 
percent drop in milk production the number of 
infected animals within the herd is less for all four 
practices than when the drop in milk production is 
at 5 or 15 percent. In essence, if the drop in milk 
production is large, the minimum milk production 
husbandry practices helps to hold down disease 
incidence by removing infected cows. The same 
does not hold true if there is only a 5 percent decline 
in milk production for infected cows. In this in-
stance, the effect on returns is just the opposite. 
Cows remain in the herd, the disease is not con-
trolled as rapidly, and lower returns result over 
time. 
The last variable to be adjusted was YJOHNE 
which represents the percentage increase in the 
number of days open for a cow infected with 
Johne's. Initially, this value was set at 17 percent. In 
the analysis, this was adjusted upward to 45 per-
cent. Comparison between the two values shows 
that the culture-test-only husbandry practice still 
leads to the highest returns (Table 11 ). However, for 
this value of YJOHNE, returns are about $280 per 
year less than before. The next most preferred 
outcome also involves testing. Note the large re-
duction in the total number of infected animals from 
the Category I husbandry practice. The excessive 
number of days open and extended calving inter-
vals increases the culling rate and thus removal of 
infected cows. However, this does not necessarily 
lead to higher returns. 
Summary 
Simulation is a useful tool for evaluating dy-
namic animal disease problems. With proper speci-
fication, alternative animal production husbandry 
practices which affect animal health can be evalu-
ated. Impacts of disease prevalence rates, rate of 
disease spread and efficiency of control strategies 
can be effectively analyzed. 
In this study, simulation was utilized to evaluate 
alternative herd level Johne's (paratuberculosis) 
disease control strategies. Strategies were evalu-
ated using a representative Wisconsin dairy herd 
model and proposed control strategies. 
Discounted returns (at 10%) to labor and man-
agement declined as the initial Johne's disease 
prevalence rate increased. For a 6 percent initial 
prevalence rate, if specific disease control practices 
were not implemented, the decline in computed 
returns was small, less than $40 per year. However, 
with an initial prevalence rate of 12 percent, labor 
and management returns fell by about $1,800 per 
year without control. Atthe 28 percent initial preva-
lence, returns fell by more than $4,000 per year. 
Johne's disease can also have an interactive effect 
on long-run herd milk production. If disease is not 
present, cull rates are lower, cows have a greater 
chance of remaining within the herd until after they 
reach peak production, and lactation production 
potential begins to decline. During this time heifer 
sales may increase if heifer replacements are not 
needed in the milking herd. This points out the im-
portance of using the heifer pool wisely and eco-
nomically. It should be noted that this interactive 
effect is generally limited to low disease prevalence 
rates such as 6 percent. For higher prevalence rates, 
the increased number of infected cows prohibits 
producers from being as selective in choosing 
which replacement heifers to bring into the herd. 
All replacement heifers may be needed and a 
younger lower producing herd results. 
The husbandry practice of only following a 
minimum milk production culling threshold as a 
disease control strategy was the least expensive of 
all practices used. However, this approach led to 
the greatest variation in returns across initial dis-
ease prevalence rates. When the initial prevalence 
rate was 6 percent, using the production threshold 
culling level resulted in the highest returns across 
all four husbandry practice types. However, for 
initial prevalence rates above 6 percent, using only 
threshold cullingrankedatornear the bottom when 
compared to other practices. This was true for both 
returns and number of animals infected with 
Johne's. Moreover, when using only threshold 
culling, Johne's was never eliminated from the 
herd. In essence, using only threshold culling as a 
disease control method can lead to higher levels of 
returns as well as greater levels of risk through 
continually fighting the disease. 
For the remaining disease control categories, 
variations in returns were less. The Category JV 
practices which combined fecal culture testing with 
other management practices such as vaccination, 
9 
10 
resulted in differences in returns of about $500 per 
year between the best and worst outcomes. This 
difference is rather small given the herd size of 80 
cows. Husbandry practices of Categories III (Cul-
ture Testing) and IV (Culture Test/Vaccination 
Combinations) were always able to eliminate the 
disease from the herd. If prevalence was at or below 
12 percent this was accomplished in three to eight 
years. However, based on the results and assump-
tions of this model, immediate removal of cows 
from the herd may not be the best approach if 
replacements of sufficient quantity or quality are 
not readily available. For the time frame considered 
this can lead to lower returns when compared to 
other practices such as those of Category n. In 
essence, there i sa trade-off between returns and risk 
of further disease spread. Disease is quickly con-
trolled and risk of additional disease outbreak is 
minimized, but returns are reduced. 
Category II (Vaccination and/or Calf Removal) 
husbandry practices were also able to eliminate the 
disease from the herd providing the practice being 
considered reduced the probability of infection by 
at least 50 percent. Time until elimination was 
generally longer than those practices in Categories 
III and IV. If the initial prevalence rate is 12 percent, 
the vaccination practice promises the highest re-
turns if it is at least 50 percent effective. If the 
vaccine is 90 percent effective, it still produces the 
highest returns for an initial prevalence rate of 20 
percent. Husbandry practices of Category II gener-
ally had higher returns than those of Categories III 
and IV. Again, there is a trade-off between a quick 
reduction in disease level and risk. 
Sensitivity analysis was conducted on selected 
Johne's-related variables using an initial preva-
lence rate of 12 percent. As expected, value of 
disease-testing strategies such as fecal culture test-
ing increased as the duration of the subclinical 
phase of the disease increased. The value of hus-
bandry practices such as vaccination increased as 
the subclinical phase became shorter. Changes in 
variables reflecting feed efficiency and breeding 
problems (days open) by as much as 45 percent did 
not alter the ranking of outcomes. However, re-
turns declined as the severity increased. It was 
rather interesting that there was a direct relation-
ship between level of reduction in milk production 
and returns. As the effect of the disease on milk 
production level increased (milk production de-
clined further), returns increased. Returns were 
greater when the disease reduced milk production 
by 25 percent than when it reduced milk production 
by 5 percent. In essence, if the drop in milk produc-
tion was large, the minimum (threshold) milk pro-
duction criteria greatly assisted to hold down dis-
ease incidence and spread by removing infected 
cows. The 5 percent decline did not cause milk pro-
duction to fall enough to trigger culling of infected 
cows. Further, because infected cows were allowed 
to remain, more of the remaining cows also became 
infected. In the long run, total returns were less with 
the 5 percent decline in milk production than with 
the 25 percent decline. 
Results show that Johne's disease can reduce re-
turns to labor and management and adversely af-
fect dairy herd performance. This was especially 
true when the initial prevalence rate was more than 
6 percent. While the disease affected both produc-
tion revenues and costs, its major impact appeared 
to be on the revenue side through reduced milk pro-
duction. 
On the cost side, the effects tend to be offsetting 
between a younger herd that is infected and subject 
to increased culling and an older herd where the 
disease is not present. Cows infected with Johne's 
disease tend to consume more feed while non-
infected herds are usually composed of older and 
higher-producing cows that have higher levels of 
feed usage. Management control practices which 
employed a semiannual culture testing program 
were the most effective measures in minimizing the 
number of animals with the disease. Further, such 
practices were always able to eliminate the infection 
from the herd. 
However, while these practices reduced the 
level of disease occurrence and thus risk of further 
infection, they did not necessarily lead to the high-
est returns over time. Other practices such as vacci-
nation can lead to higher returns over time. Such 
measures were generally not as effective in reduc-
ing disease occurrence. In short, when deciding 
which management practice is preferred, trade-offs 
between the levels of disease risk and returns of 
each practice must be considered. If disease is 
present in the herd, opting forno disease control can 
lead to wide variations in income and increased 
levels of risk. 
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Table 1. Breakdown of Simulation Runs 
% Reduction in 
Probability of Initial Herd 
Cate- Milk Contracting Prevalence Total II 
gory Set Management Strategy Threshold (lbs) Disease Rates (%) of Runs 
Base (1) Base case. Johnes 
not present 8800, 11000 ---- ---- 2 
I (2) Cull based on milk 
production only 8800 ---- 6, 12, 20, 28 4 
I (3) Cull based on milk 
production only 11000 ---- 6, 12, 20 3 
II (4) Vaccinate and raise 
calves separately from 
milking herd 8800 10, 50, 90 6' 12' 20 9 
II (5) Vaccinate as only 
disease control prac-
tice 8800 10, 50, 90 6, 12, 20 9 
II (6) Raise calves separately 
as only control prac-
tice 8800 10, 50, 90 6, 12, 20 9 
IV (7) Culture test, vaccinate 
and raise calves separ-
ately 8800 10, so, 90 6, 12, 20 9 
IV (8) Culture test and vac-
cinate 8800 10, 50, 90 6, 12, 20 9 
IV (9) Culture test, and raise 
calves separately 8800 10, so, 90 6, 12, 20 9 
III (10) Culture test and adopt 
lower milk production 
threshold 8800 ---- 6, 12, 20, 28 4 
III (11) Culture test and adopt 
higher milk production 
threshold 11000 ---- 6, 12, 20 3 
... 
(..) 
Table 2. Discounted returns, number of animals infected, and years to eliminate disease by husbandry 
practices for an initial Johne's prevalence rate of 6 percent. 
Category 
% Reduction in 
Likelihood of 
Contracting 
Disease No. Management Strategy 
I 
I 
II 
II 
II 
II 
II 
II 
II 
II 
II 
III 
III 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
Cull based on milk production only (l) 
Cull based on milk production only (2) 
Vaccinate & raise calves separately 
Vaccinate & raise calves separately 
Vaccinate & raise calves separately 
Vaccinate only 
Vaccinate only 
Vaccinate only 
Raise calves separately 
Raise calves separately 
Raise calves separately 
Cull based on milk production & test results (1) 
Cull based on milk production & test results (2) 
Culture test, vaccinate & raise calves separately 
Culture test, vaccinate & raise calves separately 
Culture test, vaccinate & raise calves separately 
Culture test and vaccinate 
Culture test and vaccinate 
Culture test and vaccinate 
Culture test & raise calves separately 
Culture test & raise calves separately 
Culture test & raise calves separately 
90 
so 
10 
90 
so 
10 
90 
so 
10 
90 
so 
10 
90 
so 
10 
90 
so 
10 
linitial milk production threshold level set at 8,800 pounds. 
~Initial milk production threshold level set at 11,000 pounds. 
Discounted 
Returns to 
Labor & Mgmt 
Rank Amount 
1 
19 
4 
4 
16 
2 
2 
11 
3 
3 
14 
s 
18 
17 
12 
7 
13 
8 
6 
1S 
10 
9 
384,444 
329,702 
370,752 
370,7S2 
3S1,737 
379,272 
379,272 
360,S59 
373,308 
373,308 
354,384 
370,109 
331,674 
3SO, 716 
360,432 
368,843 
358,80S 
368,82S 
369,419 
3S3,143 
362,950 
363,416 
Total II 
w/Johnes 
Disease 
Rank No. 
6 
7 
4 
4 
8 
4 
4 
8 
4 
4 
8 
5 
1 
3 
2 
2 
3 
2 
2 
3 
2 
2 
62 
76 
1S 
1S 
127 
1S 
15 
127 
15 
15 
127 
20 
9 
14 
13 
13 
14 
13 
13 
14 
13 
13 
Number of 
Years Until 
Disease 
Eliminated 
4 
4 
4 
4 
4 
4 
13 
6 
5 
5 
4 
s 
s 
4 
s 
5 
4 
_. 
.p.. 
Table 3. Discounted returns, number of animals infected, and years to eliminate disease by husbandry 
practices for an initial Johne's prevalence rate of 12 percent. 
Category 
No. Management Strategy 
% Reduction in 
Likelihood of 
Contracting 
Disease 
I 
I 
II 
II 
II 
II 
II 
II 
II 
II 
II 
III 
III 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
Cull based on milk production only (1) 
Cull based on milk production only (2) 
Vaccinate & raise calves separately 
Vaccinate & raise calves separately 
Vaccinate & raise calves separately 
Vaccinate only 
Vaccinate only 
Vaccinate only 
Raise calves separately 
Raise calves separately 
Raise calves separately 
Cull based on milk production & test results (1) 
Cull based on milk production & test results (2) 
Culture test, vaccinate & raise calves separately 
Culture test, vaccinate & raise calves separately 
Culture test, vaccinate & raise calves separately 
Culture test and vaccinate 
Culture test and vaccinate 
Culture test and vaccinate 
Culture test & raise calves separately 
Culture test & raise calves separately 
Culture test & raise calves separately 
90 
50 
10 
90 
50 
10 
90 
50 
10 
90 
50 
10 
90 
50 
10 
90 
50 
10 
linitial milk production threshold level set at 8,800 pounds. 
~Initial milk production threshold level set at 11,000 pounds. 
Discounted 
Returns to 
Labor & Mgmt 
Rank Amount 
17 
22 
3 
10 
21 
1 
5 
18 
2 
8 
19 
4 
20 
16 
14 
15 
9 
6 
7 
13 
11 
12 
339.779 
319,729 
362,121 
349,438 
325,013 
371,273 
358,484 
334,191 
364,916 
352,152 
327,767 
359,742 
326,870 
343,037 
344,138 
343,812 
351,338 
352,679 
352,398 
345,527 
346,700 
346,288 
Total II 
w/Johnes 
Disease 
No. Rank 
10 
8 
6 
7 
9 
6 
7 
9 
6 
7 
9 
5 
4 
1 
2 
3 
1 
2 
3 
1 
2 
3 
329 
70 
33 
70 
259 
33 
70 
259 
33 
70 
259 
30 
23 
17 
19 
19 
17 
19 
19 
17 
19 
19 
Number of 
Years Until 
Disease 
Eliminated 
7 
24 
7 
24 
7 
24 
28 
11 
3 
6 
8 
3 
6 
8 
3 
6 
8 
c..n 
Table 4. Discounted returns, number of animals infected, and years to eliminate disease by husbandry 
practices for an initial Johne's prevalence rate of 20 percent. 
Category 
No. Management Strategy 
% Reduction in 
Likelihood of 
Contracting 
Disease 
I 
I 
II 
II 
II 
II 
II 
II 
II 
II 
II 
III 
III 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
Cull based on milk production only (1) 
Cull based on milk production only (2) 
Vaccinate & raise calves separately 
Vaccinate & raise calves separately 
Vaccinate & raise calves separately 
Vaccinate only 
Vaccinate only 
Vaccinate only 
Raise calves separately 
Raise calves separately 
Raise calves separately 
Cull based on milk production & test results (1) 
Cull based on milk production & test results (2) 
Culture test, vaccinate & raise calves separately 
Culture test, vaccinate & raise calves separately 
Culture test, vaccinate & raise calves separately 
Culture test and vaccinate 
Culture test and vaccinate 
Culture test and vaccinate 
Culture test & raise calves separately 
Culture test & raise calves separately 
Culture test & raise calves separately 
90 
so 
10 
90 
so 
10 
90 
so 
10 
90 
so 
10 
90 
so 
10 
90 
so 
10 
linitial milk production threshold level set at 8,800 pounds. 
~Initial milk production threshold level set at 11,000 pounds. 
Discounted 
Returns to 
Labor & Mgmt 
Rank Amount 
18 
22 
3 
15 
20 
1 
7 
17 
2 
12 
19 
6 
21 
10 
13 
16 
4 
5 
9 
8 
11 
14 
331,570 
280,829 
359,512 
338,764 
322,552 
368,278 
347,470 
331,703 
362. 149 
341,376 
325,297 
348,172 
300,504 
343' 170 
340,238 
336,914 
351,896 
348,953 
345,678 
345,788 
342,853 
339,543 
Total II 
w/Johnes 
Disease 
No. Rank 
9 
10 
5 
7 
8 
5 
7 
8 
5 
7 
8 
3 
6 
1 
2 
4 
1 
2 
4 
1 
2 
4 
340 
366 
57 
110 
289 
57 
110 
289 
57 
110 
289 
51 
57 
31 
44 
53 
31 
44 
53 
31 
44 
53 
Number of 
Years Until 
Disease 
Eliminated 
7 
20 
7 
20 
7 
20 
15 
17 
9 
11 
13 
4 
11 
13 
4 
11 
13 
....... 
(}) 
Table 5. Sensitivity analysis on variable array AGCLAS. Initial prevalence rate set at 12 percent. 
Category 
Number Management Strategy 
I 
II 
III 
IV 
Cull based on milk pro-
duction only . . (initial 
milk threshold level -
8,800 lbs) 
Vaccinate all calves. 
(Reduction in contracting 
Johne's from vaccine set 
at SO%) 
Culture test only. 
(Initial milk threshold 
level - 8,800 lbs) 
Vaccinate and culture 
test. (Reduction in 
contracting Johnes from 
vaccine set at SO%) 
AGCLAS 
Results before variable changed 
Values for AGCLAS are used to compute the 
percentage of cows for ages 2, 3, 4, 5, 6 and 
beyond that can become infected. Original values 
= (0.033, 0.53, 0.28, 0.034, 0.012). Adjusted 
values= (0.06, 0.50, 0.30, 0.20, 0.15). 
Discounted Number of Discounted Number of 
Returns to Total Number Years to Returns to Total Number Years to 
Labor and With Johne 's Eliminate Labor and With Johne's Eliminate 
Management Disease Disease Management Disease Disease 
------------ ------------ ------------
-------------
Risk Amount Rank Amount Rank Amount Rank Amount 
4 339.779 4 329 4 335,011 4 293 
3 3S0,484 3 70 24 3 339,010 3 lSl 
l 3S9,742 2 30 18 l 364,099 2 33 19 
2 3S2,672 l 19 6 2 342,1S6 1 18 s 
-...j 
Table 6. Sensitivity analysis on variable array ORATE. Initial prevalence rate set at 12 percent. 
Category 
Number Management Strategy 
I 
II 
III 
IV 
Cull based on milk pro-
duction only. (initial 
milk threshold ·level -
8,800 lbs) 
Vaccinate all calves. 
(Reduction in contracting 
Johne's from vaccine set 
at 50%) 
Culture test only. 
(Initial milk threshold 
level - 8,800 lbs) 
Vaccinate and culture 
test. (Reduction in 
contracting Johnes from 
vaccine set at 50%) 
DRATE(I,J) J=l ... 4 
Portion of ith year old cows that 
manifest clinical disease signs in jth 
year of infection and are culled. 
Results before variable changed 
Original values = (0.10, 0.30, 0.50, 0.60) 
Advance values = (0.20, 0.40, 0.60, 0.80) 
Discounted Number of Discounted Number of 
Returns to Total Number Years to Returns to Total Number Years to 
Labor and With Johne's Eliminate Labor and With Johne's Eliminate 
Management Disease Disease Management Disease Disease 
------------
------------
Risk Amount Rank Amount Rank Amount Rank Amount 
4 339,779 4 329 2 346,883 4 150 
3 350,484 3 70 24 1 354,547 3 75 
1 359,742 2 30 18 3 342,785 2 31 16 
2 352,672 1 19 6 4 336,432 1 27 18 
CXl 
Table 7. Sensitivity analysis on variable array CONJOH. Initial prevalence rate set at 12 percent. 
Category 
Number Management Strategy 
I 
II 
III 
IV 
Cull based on milk pro-
duction only. (initial 
milk threshold ' level -
8,800 lbs) 
Vaccinate all calves. 
(Reduction in contracting 
Johne's from vaccine set 
at 50%) 
Culture test only. 
(Initial milk threshold 
level - 8,800 lbs) 
Vaccinate and culture 
test. (Reduction in 
contracting Johnes from 
vaccine set at 50%) 
CONJOH (1.05) 
Increase in feed requirements for an 
infected cow. Original value set at 
Results before variable changed 
15 percent above normal. Adjusted value 
set at 5 percent above normal. 
Discounted Number of Discounted Number of 
Returns to Total Number Years to Returns to Total Number Years to 
Labor and With Johne's Eliminate Labor and With Johne's Eliminate 
Management Disease Disease Management Disease Disease 
------------ ------------ ------------
Risk Amount Rank Amount Rank Amount Rank Amount 
4 339 '779 4 329 4 343,590 4 329 
3 350,484 3 70 24 2 351,018 3 70 24 
l 359,742 2 30 18 1 360,435 2 30 18 
2 352,672 l 19 6 3 344,617 l 19 6 
c.o 
Table 8. Sensitivity analysis on variable array CONJOH. Initial prevalence rate set at 12 percent. 
Category 
Number Management Strategy 
I 
II 
III 
IV 
Cull based on milk pro-
duction only. (initial 
milk threshold level -
8,800 lbs) 
Vaccinate all calves. 
(Reduction in contracting 
Johne's from vaccine set 
at 50%) 
Culture test only. 
(Initial milk threshold 
level - 8,800 lbs) 
Vaccinate and culture 
test. (Reduction in 
contracting Johnes from 
vaccine set at 50%) 
CONJOH (1.25) 
Increase in feed requirements for an 
infected cow. Original value set at 
Results before variable changed 
15 percent above normal. Adjusted value 
set at 25 percent above normal. 
Discounted Number of Discounted Number of 
Returns to Total Number Years to Returns to Total Number Years to 
Labor and With Johne's Eliminate Labor and With Johne's Eliminate 
Management Disease Disease Management Disease Disease 
------------
------------ ------------
-------------
Risk Amount Rank Amount Rank Amount Rank Amount 
4 339,779 4 329 4 335,967 4 329 
3 350,484 3 70 24 2 347,858 3 70 24 
1 359,742 2 30 18 1 359,048 2 30 18 
2 352,672 1 19 6 3 343,660 l 19 6 
1\) 
0 
Table 9. Sensitivity analysis on variable array RJOHPD. Initial prevalence rate set at 12 percent. 
Category 
Number Management Strategy -
I 
II 
III 
IV 
Cull based on milk pro-
duction only. (initial 
milk threshold 1evel -
8,800 lbs) 
Vaccinate all calves. 
(Reduction in contracting 
Johne's from vaccine set 
at 50%) 
Culture test only. 
(Initial milk threshold 
level - 8,800 lbs) 
Vaccinate and culture 
test. (Reduction in 
contracting Johnes from 
vaccine set at SO%) 
RJOHPD ( .75 ) 
Results before variable changed 
Percentage decrease in milk production. 
Original value set at 15 percent below 
normal. Adjusted value set at 25 percent 
below normal. 
Discounted Number of 
Returns to Total Number Years to 
Labor and With Johne' s Eliminate 
Management Disease Disease 
------------ ------------
Risk Amount Rank Amount 
4 339,779 4 329 
3 350,484 3 70 24 
l 359,742 2 30 18 
2 352,672 l 19 6 
Discounted 
Returns to 
Labor and 
Management 
---------...---
Rank Amount 
4 342,918 
1 358,425 
2 354,044 
3 345,403 
Total Number 
With Johne's 
Disease 
Rank Amount 
4 121 
3 49 
2 26 
l 17 
Number of 
Years to 
Eliminate 
Disease 
12 
13 
3 
1\:) 
...... 
Table 10. Sensitivity analysis on variable array RJOHPD. Initial prevalence rate set at 12 percent. 
Category 
Number Management Strategy 
I 
II 
III 
IV 
Cull based on milk pro-
duction only. (initial 
milk threshold -level -
8,800 lbs) 
Vaccinate all calves. 
(Reduction in contracting 
Johne's from vaccine set 
at 50%) 
Culture test only. 
(Initial milk threshold 
level - 8,800 lbs) 
Vaccinate and culture 
test. (Reduction in 
contracting Johnes from 
vaccine set at 50%) 
RJOHPD ( . 9 5) 
Results before variable changed 
Percentage decrease in milk production. 
Original value set at 15 percent below 
normal. Adjusted value set at 5 percent 
below normal. 
Discounted Number of Discounted Number of 
Returns to Total Number Years to Returns to Total Number Years to 
Labor and With Johne's Eliminate Labor and With Johne 's Eliminate 
Management Disease Disease Management Disease Disease 
------------ -------
-----
Risk Amount Rank Amount Rank Amount Rank Amount 
4 339.779 4 329 3 346,222 4 355 
3 350,484 3 70 24 1 351,613 3 83 19 
1 359,742 2 30 18 2 349,918 2 23 9 
2 352,672 1 19 6 3 336,879 l 21 7 
N 
N 
Table 11. Sensitivity analysis on variable array YJOHNE. Initial prevalence rate set at 12 percent. 
Category 
Number Management Strategy 
I 
II 
III 
IV 
Cull based on milk pro-
duction only. (initial 
milk threshold -level -
8,800 lbs) 
Vaccinate all calves. 
(Reduction in contracting 
Johne's from vaccine set 
at SO%) 
Culture test only. 
(Initial milk threshold 
level - 8,800 lbs) 
Vaccinate and culture 
test. (Reduction in 
contracting Johnes from 
vaccine set at 50%) 
YJOHNE 
Results before variable changed 
Increase in days open for infected cows. 
Original value set at 17 percent below 
normal. Adjusted value set at 45 percent 
below normal. 
Discounted Number of Discounted Number of 
Returns to Total Number Years to Returns to Total Number Years to 
Labor and With Johne's Eliminate Labor and With Johne's Eliminate 
Management Disease Disease Management Disease Disease 
--------
------------ ------------ ---------
Risk Amount Rank Amount Rank Amount Rank Amount 
4 339.779 4 329 4 331,552 4 169 
3 350,484 3 70 24 3 336,761 3 75 19 
l 359,742 2 30 18 1 352,669 1 15 16 
2 352,672 l 19 6 2 350,532 2 23 7 
I'V 
(.,;) 
l 
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